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A histologic description of dental pulps of
scorbutic animals was given in 1916 by
Jackson and Moore' and in 1919 by Zilva
and Wells.2 Howe,3 in 1920, described the
effect on teeth of a scorbutigenic diet as did
H6jer4 in his well-known studies of 1924.
Wolbach and Howe,5 in 1926, were the first
investigators to characterize the condition
as something lacking in the intercellular
structure that functions in the gelation of
the connective tissue. They also concluded,
as did Hbjer,4 that there was a failure of the
fibroblasts to produce and maintain intra-
cellular material. In studies of the fibroblast
in scorbutic animals, Meyer6 reported
vacuolization of the cytoplasm and destruc-
tion of the cell membranes. Wolbach, in
further studies in 1933,7 described vacuoles
filled with fluid, which he theorized could be
a precursor of collagen. The belief that the
primary cause of scurvy was impaired cellu-
lar secretion was again reported by Ham
and Elliot8 in 1938. Bourne,9 in 1942, and
Danielli,'0 in 1945, came to the conclusion
that the deficiency resulted in a decreased
rate of conversion of procollagen reticular
fibers to mature collagen.
Chen and Postlethwait" have concluded
that the inability of scorbutic tissues to
synthesize collagen is not due to an absence
of fibroblasts, which they found to be abun-
dant. There have been several reports
stating that the number of fibroblasts is not
decreased in scurvy. In fact, Gersh and
Catchpole" and Barber and Nothacker13
have reported finding an increase.
Wasserman14 studied the fibroblasts of
scorbutic animals by electron microscopy.
He described vesicles containing a precipi-
tate and numerous fibrils of small diameter
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in the periphery of the cytoplasm. Peach'5
also reported alteration of the ultrastruc-
ture of fibroblasts and has suggested that
this results in the primary deficiency of con-
nective tissue formation. In recent electron
microscope studies, Ross and Benditt'6
have reported that there was little intercellu-
lar collagen but that large amounts of
poorly structured, dense matter in the
extracellular spaces were found within the
fibroblast of healing wounds in ascorbic
acid-deficient guinea pigs. Aggregates of
intracytoplasmic lipid droplets were also
frequently found in the cell. They also found
that in scorbutic animals proline-H' moved
from fibroblasts to collagen fibers as in
normal animals and to the extracellular
fibrillar material"7 The only difference was in
the delay in uptake and slower release of the
product by the cells in the scorbutic animals.
Biochemical evidence has shown that
scorbutic animals are unable to convert pro-
line to hydroxyproline and lysine to hydrox-
ylysine. Moreover, no significant accumu-
lation of proline-rich precursors has been
found.'8 The amount of extractable hy-
droxyproline has been found to parallel the
amount of ascorbic acid present in the con-
nective tissue." Recent studies by Ross and
Benditt'9 (1964) revealed that fibroblasts
from wounds of normal animals had
numerous polyribosomes that were thought
to be related to continued synthesis of pro-
teins. This configuration was lost in animals
with scurvy, although it reappeared as early
as four hours after introduction of ascorbic
acid to the diet; reorientation was complete
after 24 hours. It was suggested that scurvy
might alter the messenger RNA, or the
ability of the ribosomes to be aggregated by
the messenger.
There are other factors concerning the
scorbutic condition that are not clear, such
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as the effect of altered ground substance on
collagen formation and the function of hy-
aluronidase in fibrogenesis and maintenance.
The role of ascorbic acid in the maintenance
of collagen has not been entirely agreed on.
Gould20 (1960) has noted that collagen
formed during partial deficiency resorbed
extensively after withdrawal of ascorbic
acid.
It is the purpose of the present investiga-
tion to study the effect of ascorbic acid de-
ficiency on the fibroblast and on the appear-
ance of collagen in the dental pulp of scor-
butic guinea pigs. The tooth pulp, especially
that of the continually growing rodent in-
cisor, has been shown to be an ideal site for
the study of the differentiation, maturation,
and regression of the pulp fibroblast. The
widely spaced stellate-appearing fibroblasts
allow good visualization of the cell surfaces
and adjacent extracellular spaces in the
study of collagen fibrillogenesis. Further-
more, the guinea pig incisor is the subject
of the original light microscope descriptions
of scorbutogenesis and thus should be re-
garded as a good site for ultrastructural
studies of the effect of this condition on the
fibroblast and fibrillogenesis.
Materials and Methods
Twenty guinea pigs weighing approxi-
mately 250 mg. were used. They were pair-
fed a scorbutogenic diet* for 30 to 35 days.
The control guinea pigs receiving daily oral
supplements of 20 mg. of ascorbic acid. At
the end of the experimental period, guinea
pigs were anesthetized with ether, and their
mandibles were rapidly dissected out and
bisected along the midline. The body of the
mandible was clipped off with shears along
the lateral aspect of the base, and the entire
incisor, including the growing end, was ex-
posed. The teeth were separated from the
mandible and dipped briefly in fixative; the
partially calcified dentin from the proximal
portion then was removed. The pulp thus
exposed was removed from the hard shell
of dentin by gentle pulling with forceps.
Small pieces of the pulp were cut and
fixed either in 6.5 per cent glutaraldehyde or
in 2 per cent osmic acid, both of which were
buffered with 10 M phosphate at pH 7.4.
Tissues that had been fixed with glutaralde-
hyde were washed briefly in the buffer and
* General Biochemicals, Chagrin Falls, Ohio.
refixed in 2 per cent osmic acid. Sucrose was
added to the osmic acid to make a concen-
tration of 4.5 per cent sucrose. After fixation,
the tissues were dehydrated through a
graduated series of ethanol and embedded
in a mixture of epoxy and resin. Sections
were made on an ultramicrotome and picked
up on grids that were coated with polyvinyl
formal resint reinforced with a thin layer of
carbon. Saturated uramyl acetate and 0.1
per cent phosphotungstic acid solutions
were used as electron stains. Observations
were made in an electron microscope.
Observations
A REVIEW OF THE NORMAL PULP STRUC-
TURE.-The detailed description of normal
dental pulp has been given previously.21-23
The fibroblasts of the dental pulp in control
guinea pigs appeared similar to those of con-
nective tissues in other organs. Many of the
cells appeared stellate with long cytoplasmic
cell processes. Most cells had well-developed
organelles with dense, rough-surfaced, endo-
plasmic reticulum (RER). Some of the RER
appeared somewhat dilated; the interior
contained flocculent materials that had an
electron density similar to that of extra-
cellular substances. In other organelles, the
RER was in the form of tight tubules and
flattened sacs containing intracisternal ma-
terials that were much denser than that of
extracellular substances (Fig. 1, 2). The
Golgi apparatus occupied a juxtanuclear
location and contained an extensively de-
veloped stack of membranes and a large
number of vesicles and vacuoles. The mito-
chondria were large, usually ovoid to elon-
gated, and had straight cristae mitochondri-
ales running transversely across the matrix.
The ground cytoplasm was dense and con-
tained varying numbers of intracellular
fibrils that measured about 60 A in diameter
and were more numerous in cells with the
RER of flat profiles. Frequently, a cilium
was found near the nucleus; an additional
centriole might be located perpendicular to
the long axis of the cilium. The nucleus of
the fibroblast was ovoid to elongated. The
nuclear membrane often had a notch. One
or more nucleoli were located in its peri-
phery. Along the surface of the cell, there
were numerous vesicles and vacuoles.
t Hitachi HU- 11 electron microscope, Perkin Elmer Corp.,
Norwalk, Conn.
t Formvar, Shawinigan Resins Corp., Springfield, Ill.
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FIG. 1.-A portion of a fibroblast from the incisor pulp of a control guinea pig. The cytoplasmic fine
structure contained in this cell conforms to characteristics of fibroblasts found elsewhere in the body. There
are fine intracellular fibrils between the profiles of the rough-surfaced endoplasmic reticulum and mito-
chondria. The content of the reticulum is denser than extracellular substances. A cilium (arrow) is cut
through the base, which is surrounded by a semicircular extracellular space produced by invagination of
the surface plasma membrane (mag. approx. X327000).
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Most of the intercellular space was filled
with finely granular to fibrillar ground sub-
stance that appeared to clump, leaving clear
spaces between aggregates. Extracellular
fibrils were composed primarily of collagen
fibrils with characteristic cross banding and
were variable in diameter, ranging from 400
to 700 A or more (Fig. 3). They were present
singly or in small bundles of several to a few
dozen fibrils. Where collagen fibrils formed a
bundle, the sheaths of ground substance sur-
rounding individual collagen fibrils were
fused, and the fibrils were separated only by
the ground substances. Fine fibrils located
extracellularly were remarkably uniform in
diameter, ranging from 100 to 120 A. In
cross section, they appeared to be made up
of three or four finer subunits. These fine
fibrils sometimes formed a cell covering that
was 1l or more thick.
CHANGES OCCURRING IN THE FIBROBLAST.
-The following changes in the ultrastruc-
ture characterized the cytoplasm of fibro-
blasts of scorbutic guinea pigs. The cells
were smaller than normal and appeared to
have less cytoplasm. All organelles de-
creased in number and size (Fig. 4).
Although occasional cells contained a well-
developed RER, many cells were almost
devoid of it. When present, the profiles were
usually dilated and round (Fig. 5). The num-
ber of ribosomes studded on the surface
of the RER was small. Cisternae of the RER
contained somewhat cloudy, electron-dense
materials that did not noticeably vary in
electron density.
The Golgi apparatus was rounded, con-
sisting of small stacks of a few laminated
components and vesicles (Fig. 6). Vacuoles
of the complex were seldom observed, and
few dense granules were found in its vicinity.
The mitochondria were smaller and fewer
than in normal fibroblasts (Fig. 6, 7). The
number of cristae also was decreased.
Throughout the rest of the ground cyto-
plasm, there were numerous intracellular
FIG. 2.-A portion of the peripheral cytoplasm of a fibroblast from the middle portion of guinea pig incisor
pulp. Within the irregularly contoured cytoplasm are vacuoles, well-developed, rough-surfaced endoplasmic
reticulum; dense bodies, and mitochondria. Materials in the cisternae of the flat, rough-surfaced endoplasmic
reticulum are much more electron dense than the rest of the cytoplasm and the extracellular space (mag.
approx. X15,600).
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FIG. 3.-A portion of the intercellular space from normal rat incisor pulp. The fine extracellular fibrils,
100 to 120 A in diameter, and collagen fibrils are visualized (mag. approx. X86,000).
FIG. 4.-A fibroblast from the incisor pulp of a scorbutic guinea pig. Notice the rare occurrence of the
rough-surfaced endoplasmic reticulum and small mitochondria, which are much fewer in number and poorly
developed. Numerous intracellular fine fibrils appear to fill up much of the cytoplasm (mag. approx.
X 10,000).
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FIG. 5.-A portion of the fibroblast from the incisor pulp of a scorbutic guinea pig. The rough-surfaced
endoplasmic reticulum has round profiles, and free ribosomes in the cytoplasm appear to have lost poly-
ribosome arrangement (mag. approx. X20,000).
FIG. 6.-A Golgi apparatus in the fibroblast from the incisor pulp of a scorbutic guinea pig. Notice the
rounding up of the stacked lamellae. Relatively few vesicles are present (mag. approx. X36,600).
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FIG. 7.-A portion of the incisor pulp from a scorbutic guinea pig. The peripheral processes of the fibro-
blasts that are shown in the field contain only a small number of tubular profiles of the rough-surfaced
endoplasmic reticulum and a few small rounded mitochondria. The cytoplasm has abundant fine fibrils in it.
FIG. 8.-The appearance of fine extracellular fibrils (100 to 120 A) in the incisor pulp of a scorbutic guinea
pig. The fibrils are covering the surface of the cell by forming small bundles (mag. approx. X52,000).
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fibrils that were similar to those seen in
normal fibroblasts but that were relatively
greater in number (Fig. 4, 7).
MODIFICATIONS OF INTERCELLULAR SUB-
STANCES.-A rather striking change was ob-
served in the intercellular region, especially
near the cell surface. Although the two types
of extracellular fibrils appeared similar to
those of the controls, there was a definite
increase in the numbers of small fibrils along
the surfaces of the fibroblasts (Fig. 8). The
degree to which such accumulations were
formed varied greatly (Fig. 9). When cells
were transversely sectioned, the accumula-
tion presented a profile of an aggregate fibril
bundle rather than that of a sheet. This
might account for the great variation in
thickness described earlier. The bundles
might be located somewhat away from the
cell as well as being closely related. The
number of mature collagen fibrils appeared
to be small, yet they were observed through-
out the pulp. The collagen fibrils often were
found in close association with the fine
fibrils.
Discussion
Ultrastructural changes observed in the
dental pulp in ascorbic acid deficiency reveal
the fibroblast to be one of the primary sites
affected. The intracellular organelles were
decreased both in size and in number,
indicating decreased cellular function. The
mitochondria, for example, not only were
found to be smaller and fewer, their internal
structure was affected. This implies an
alteration (a possible decrease) in oxidative
phosphorylation, which is directly related to
the energy consumption of the cell. The
dilatation of the endoplasmic reticulum
and the decreased number of ribosomes on
reticular surfaces is in agreement with the
findings of Peach'5 and Ross and Ben-
ditt.16' 17, 19 The recent observations of Ross
and Benditt'9 of the disappearance of spiral
or rosette forms of the ribosomes in the
fibroblasts of healing wounds of scorbutic
guinea pigs were not as apparant in the
pulpal fibroblasts. This may be due to a dif-
ference in the metabolic state between
FIG. 9. The appearance of fine extracellular fibrils in the incisor pulp of a scorbutic guinea pig. The
covering of the cell surface by fine extracellular fibrils may be as thick as 1 y or more (mag. approx.
X48,OOO).
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fibroblasts of the wound and the less rapidly
growing pulpal cells. The appearance of in-
tracellular fibrils in the scorbutic pulpal
fibroblasts is of interest. Although these
fibrils were observed in the normal cells, the
fibrils seemingly were unaffected in the
scorbutic cell and, therefore, appeared more
prominent in the latter. These fibrils might
be regarded as part of the cytoskeleton of
the cell, possibly being less active and there-
fore less affected by scorbutic changes in the
cell. More definite answers will have to
come from correlative biochemical studies.
The significance of small (100 to 120 A in
diameter) extracellular fibrils accumulated
on the surface of the cell cannot be stated
definitely at this time. It is possible that this
represents an accumulation of abnormal
tropocollagen produced by cells incapable of
polymerizing into collagen fibrils.
Conclusions
The differentiating fibroblasts of the
guniea pig incisor pulp tissue were stellate
with long cytoplasmic processes. These cells
were characterized by well-developed, rough-
surfaced endoplasmic reticulum, Golgi com-
plex, and mitochondria.
The ground cytoplasm of these cells was
dense and contained varying amounts of
intracellular fibrils measuring approximate-
ly 60 A in diameter. Along the inner surface
of the plasma membrane, there were a num-
ber of vesicles and vacuoles.
Extracellular fine fibrils, 100 to 120 A in
diameter, were found usually in groups sur-
rounded by aggregations of finely granular
ground substance. Collagen fibrils, 400 to
700 A in diameter with characteristic cross
banding, were also found near the cells.
In the scorbutic guinea pigs, the fibro-
blasts appeared smaller and the intracellular
organelles were diminished in number.
Many cells were devoid of endoplasmic retic-
ulum which, when present, appeared di-
lated with a decreased number of ribosomes
on the surface.
A significant increase in the number of
intracellular and intercellular fine fibers was
found. Intercellular fibrils were situated near
the plasma membrane, and some appeared
in isolated bundles.
References
1. JACKSON, L., and MOORE, J. J. Studies on Experimen-
tal Scurvy in Guinea Pigs, J. Infect. Dis., 19:478-510,
1916.
2. ZILVA, S. S., and WELLS, F. M. Changes in the Teeth
of the Guinea Pig, Produced by a Scorbutic Diet,
Proc. Roy Soc., B90:505-12, 1919.
3. HOWE, P. R. The Effect of Scorbutic Diet Upon the
Teeth, Dtent. Cosmos, 62:586-90, 1920.
4. Hf1JER, J. A. Studies in Scurvy, Acta Paediat. supply.),
3: 1-278, 1924.
5. WOLBACH, S. B., and HowE, P. R. Intercellular Sub-
stances in Experimental Scorbutus, Arch. Path. &
Lab. Med., 1:1-24, 1926.
6. MEYER, A. W. The Minute Morphology of Experi-
mental Scurvy in the Guinea Pig, Stanford Univ.
Publ., Univ. Ser. Med. Sci., 2:47-69, 1928.
7. WOLBACH, S. B. Controlled Formation of Collagen
and Reticulum. Study of Source of Intercellular Sub-
stance in Recovery from Experimental Scorbutus,
Am. J. Path. supply.), 9:689-700, 1933.
8. HAM, A. W., and ELLIOT, H. C. Bone and Cartilage
Lesions of Protracted Moderate Scurvy, Am. J. Path.,
14:323-36, 1938.
9. BOURNE, G. H. Vitamin C and Repair of Injured
Tissues, Lancet, 243:661-64, 1942.
10. DANIELLI, J. F., FELL, H. B., and KODICEK, E. The
Enzymes of Healing Wounds. II. The Effect of Dif-
ferent Degrees of Vitamin C Deficiency on the Phos-
phatase Activity in Experimental Wounds in the
Guinea-Pig, Brit. J. exp. Path., 26:367-76, 1945.
11. CHEN, R. W., and POSTELTHWAIT, R. W. Ascorbic
Acid in the Biosynthesis and Maintenance of Colla-
gen, Surg. Gynec. Obstet., 112:667-74, 1961.
12. GERSH, I., and CATCHPOLE, H. R. Organization of
Ground Substance and Basement Membrane and Its
Significance in Tissue Injury, Disease and Growth.
Amer. J. Anat., 85:457-521, 1949.
13. BARBER, A., and NOTHACKER, WV. G. Effects of
Cortisone on Nonperforating Wounds of Cornea in
Normal and Scorbutic Guinea Pigs. Arch. Path., 54:
334-42, 1952.
14. WASSERMAN, F. Electron Microscopic Study of Fibril-
logenesis in the Regenerating Tendon of the Guinea
Pig Controlled by Vitamin C-Deficiency and
-Readministration. Anat. Rec., 130:386, 1958.
Abstract.
15. PEACH, R. An Electron Optical Study of Experimen-
tal Scurvy. J. ultrastruct. Res., 6:579-590, 1962.
16. Ross, R., and BENDITT, E. P. Wound Healing and
Collagen Formation. II. Fine Structure in Experi-
mental Scurvy. J. Cell Biol., 12:533-51, 1962.
17. Ross, R., and BENDITT, E. P. Wound Healing and
Collagen Formation. III. A Quantitative Radioauto-
graphic Study of the Utilization of Proline-H3 in
Wounds from Normal and Scorbutic Guinea Pigs.
J. Cell Biol., 15:99-108, 1962.
18. GOULD, F. S., MANNER, G., GOLDMAN, H. M., and
STOLMAN, J. M. Some Aspects of Collagen Forma-
tion. Ann. New York Acad. Sci., 85:385-98, 1960.
19. Ross, R., and BENDITT, E. P. Wound Healing and
Collagen Formation. IV. Patterns of Fibroblasts in
Scurvy, J. Cell Biol., 22:365, 1964.
20. GOULD, B. S. Ascorbic Acid and Collagen Fiber For-
mation. In HARRIS, R. S., and INGLE, D. J. (editors),
Vitamins and Hormones, Vol. 18, New York, Aca-
demic Press, p. 89-120, 1960.
21. HAN, S. S., and AVERY, J. K. The Ultrastructure of
Capillaries and Arterioles of the Hamster Dental
Pulp, A nat. Rec., 145:549-72, 1963.
22. HAN, S. S., and AVERY, J. K. The Fine Structure of
Intercellular Substances and Rounded Cells in the
Incisor Pulp of the Guinea Pig, A nat. Rec., 151:41-54,
1965.
23. HAN, S. S., AVERY, J. K.. and HALE, L. E. The Fine
Structure of Differentiating Fibroblasts in the In-
cisor Pulp of the Guinea Pig, Anal. Rec., 153: 187-210,
1965.
J. dent. Res. Supplement to No. 3
